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(57) Abstract: Methods and apparatus, Including computer program 
products, implementing and using techniques for processing and con- 
structing an electronic text document An electronic document is pro- 
vided that includes a string (100) having one or more references. The 
string fa parsed to identify a reference (110). A glyphlet is identified 
based on the identified reference (110). The glyphlet includes a set of 
character attributes defining semantic information of a character (120) 
and a set of glyph attributes defining appearance information for a rep- 
resentation of the character (120). One or more character attributes or 
glyph attributes for the identified glyphlet are used to process text in 
the electronic document 
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GLYPHLETS 

BACKGROUND OF INVENTION 
This invention relates to providing glyphs in a text document 
A character is the smallest component of written language having semantic value. 
A character refers to an abstract meaning and/or shape, rather than a specific shape. A 
glyph is a representation of a character. A glyph image is the actual concrete image of a 
glyph representation having been rasterized or otherwise imaged onto some display 
surface* 

An encoded character is a character that is associated with an encoding value, for 

* 

example, a scalar value included in a character set standard such as ASCII (American 
Standard Code for Information Interchange) or Unicode, An encoding value maps to a set 
of character attributes defining semantic information of the character. Character set 
standards are defined by standards organizations: for example, the ASCII standard is 
defined by ANSI, and the ISO Standard 8859 is defined by ISO (International Standards 
Organization). Character set standards are generally revised from time to time . Topically, 
when a character set standard is defined, the encoding values are simultaneously defined. 

Character attributes can include one or more of the following: character case, 
character combining class, character directionality, character numeric value, mathematical 
character, character language, letter character, alphabetic character and ideographic 
character. Other character attributes are possible. 

A glyph can be associated with a set of glyph attributes defining appearance 
information for a representation of the corresponding character. Glyph attributes can 
include one or more of the following: glyph shape, glyph metrics, typeface name, glyph 
baseline and glyph kerning. Generally, glyph attributes provide the information necessary 
to render the glyph image. 

A font is a collection of glyphs and a corresponding encoding mapping. A font is 
typically constructed to support a character set standard. That is, fonts include glyphs 
representing characters included in the character set standard. When the character set 
s t anda r d is revised, the font manufacturer may need to revise the font to accommodate the 
changes, including the addition of new glyphs. In that case, a new font is re-issued 
conforming to the new character set standard Revising fonts is costly for the designer 
and inconvenient for users who must track versions of the font and determine whether or 
not they have fonts supporting the latest character set standard. 
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Text documents typically include a text string that includes one or more encoding 
values that represent characters in the text An encoding value can map to a character in a 

* 

character set standard and to a glyph in a font constructed to support the character set 
standard. Thus, a text engine (e.g., a word processing application) processing an 
electronic document that includes a text string of encoding values can obtain character 
attribute information about an encoded character represented by the encoding value by 
mapping the encoding value to die character set standard The text engine can also render 
a representation of the character that is, a glyph image, based on glyph attribute 
information obtained from a specified font, using the same encoding value. The encoding 
value-attribute associations ate typically available for a text engine to reference by 
looking them up in fixed and static tables, indexed by encoding value. The attributes are 
not part of the document itself but are usually built into the text engine or the operating 
system used by the applicati 

A character can be processed based on its character attributes and/or glyph 
attributes- For example, a layout engine that is setting text in vertical writing mode might 
handle numerals inasp ecialized way, or might handle a currency symbol differently ft a n 
numerals in some contexts. As another example, attributes can be critical for input 
methods, as the user may need to choose the character based on the corresponding glyph's 
radical, stroke-count or pronunciation (eg., a software agent used to assist selecting 
Chinese/Japanese characters). Thus, for a representation of a character (/.e, a glyph) to 
participate fully in an electronic document, the character and glyph attributes of the 
character and corresponding glyph must be accessible by a text engine processing the 
electronic document 



25 SUMMARY 

The present invention provides methods and apparatus, including computer 
program products, for processing and constructing an electronic text document In 
general, in one aspect, the invention features providing an electronic document including 
a string that includes one or more references and parsing the string to identify a reference. 

30 Based on the identified reference, a glypMct is identified including a set of character 
attributes defining semantic information of a character and a set of glyph attributes 
defining appearance information for a representation of the character. One or more 
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character attributes or glyph attributes for the identified glyphlet are used to process text 
in the electronic document 

Implementations of the invention can include one or more of the following. The 
string can include a plurality of references comprising one or more in-band values defined 
in an encoding standard Parsing the string to identify a reference can include interpreting 
a plurality of in-band values to define the identified reference. Interpreting a plurality of 
in-band values to define the identified reference can include identifying one or more 
target attributes, and identifying a glyphlet based on the identified reference can include 
identifying a glyphlet in a collection of glyphlets based on the identified target attributes. 
The collection of glyphlets can be embedded within the electronic document or can be 
external to the electronic document 

Alternatively, the plurality of in-band values can define the idortified glyphlet In 
another alternative, the plurality of in-band values can identify a location external to the 
electronic document from which the identified glyphlet can be retrieved. 

In another implementation, the string can include one or mow references 
comprising one or more out-of-band values not defined in an encoding standard. The 
identified reference can include one or more of the out-of-band values. If the identified 
glyphlet is embedded within the electronic document, the one or more out-of-band values 
can be directly associated with the identified glyphlet Identifying a glyphlet based cm the 
identified reference can include identifying one or more target attributes based on the 
identified reference and identifying a glyphlet in a collection of glyphlets based on the 
identified target attributes. The collection of glyphlets can be embedded within flic 
electronic document or external to the electronic document The one or more out-of-band 
values can identify a location external to the electronic document from which the 
identified glyphlet can be retrieved. 

The set of character attributes can include one or more character attributes 
selected from the group consisting of character case, character category, character 
combining class, character directionality, character numeric value, mathematical 
character, character language, letter character, alphabetic character and ideographic 
character. The set of glyph attributes can include one or more glyph attributes selected 
from the gro^p consisting of glyph shape, typographic weight, typographic width, slant, 
number of strokes, glyph metrics, type&ce name, glyph baseline and glyph kerning. 

The identified glyphlet can be retrieved from a memory external to die electronic 
document, and can be retrieved from a collection of glyphlets. Alternatively, the 
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identified glyphlet can be retrieved from storage embedded within the electronic 
document; including from a collection of glyphlets stored within the electronic document 

In general, in another aspect, the invention features method and apparatus for 
constructing a text document User input is received selecting a character, and a glyphlet 
corresponding to the selected character is identified The glyphlet includes a set of 
character attributes defining semantic information of the selected character and a set of 
glyph attributes defining appearance information far a glyph representative of the selected 
character. A reference to the identified glyphlet is inserted into a text document 

Implementations of the invention can include one or more of the following. The 
identified glyphlet can be embedded in the text document. The user input selecting a 
character can include user input selecting a glyph shape representing die character. The 
reference to the identified glyphlet can include one or more in-band values defined in an 
encoding standard. The one or more in-band values can define one or more target 
attributes uniquely identifying the identified glyphlet in a collection of glyphlets. 
Alternatively, the one or more in-band values can define the identified glyphlet 

The reference to the identified glyphlet can include one or more out-of-band 
values not defined in an encoding standard. The one or more out-of-band values can be 
associated with one or mote target attributes uniquely identifying the identified glyphlet 
in a collection of glyphlets. Alternatively, if the identified glyphlet is embedded in the 
text document, the one or more out-of-band values can be directly associated with the 
identified glyphlet 

In general, in another aspect, the invention features method and apparatus for 
representing a character in a text document A reference identifying a glyphlet is inserted 
into the text document The identified glyphlet includes a set of character attributes 
defining semantic information of a character and a set of glyph attributes defining 
appearance information for a representation of the character. 

Implementations of the invention can include one or more of the following. The 
identified glyphlet can be embedded in the text document The reference can include one 
or more in-band values defined in an encoding standard that are interpreted to identify 
one or more target attributes from which the identified glyphlet can be identified 
Alternatively, the reference can include one or more in-band values that are interpreted to 
define the identified glyphlet 

In another implementation, the reference can include one or mote out-of-band 
values not defined in an encoding standard The one or more out-of-band values can 
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identify one or more target attributes, and the reference can identify the glyphlet from a 
collection of glyphlets based on the one or more target attributes. Alternatively, if the 
identified glyphlet is embedded in the text document, the one or more out-of-band values 
can be directly associated with the identified glyphlet. 

The set of character attributes can include one or more character attributes 
selected from the group consisting of character case, character case, character combining 
class, character directionality, character numeric value, mathematical character, character 
language, letter character, alphabetic character and ideographic character. The set of 
glyph attributes can include one or more glyph attributes selected from the group 
consisting of glyph shape, typographic weight, typographic width, slant, number of 
strokes, glyph metrics, typefece name, glyph baseline, and glyph kerning. 

In general, in another aspect, the invention features a glyphlet A glyphlet is a 
data structure stored on a computer readable medium. The data structure includes 
character data representing one or more character attributes defining semantic information 
of a character and glyph data representing one or more glyph attributes defining 
appearance information for a representation of the character. 

Implementations of the invention can include one or more of the following. The 
one or more character attributes can include one or more character attributes selected 
from the group consisting of character case, character category, character combining 
class, character directionality, character numeric value, mathematical character, character 
language, letter character, alphabetic character and ideographic character. The one or 
more glyph attributes can include one or more glyph attributes selected from tho group 
consisting of glyph shape, typographic weight, typographic width, slant, number of 
strokes, glyph metrics, typefece name, glyph b asdine, and glyph kerning. 

In general, in another aspect, the invention features an electronic document stored 
on a computer readable medium. The electronic document includes electronic data 
defining a string that includes one or more references identifying glyphlets. A glyphlet 
includes a set of character data representing one or more character attributes defining 
semantic information of a character, and a set of glyph data representing one or more 
glyph attributes defining appearance information for a representation of the character. 

Implementations of the invention can include one or more of the following. The 
electronic document can further include electronic data defining a collection of one or 
more glyphlets identified by the references in the string, A reference can include one or 
more in-band values defined in an encoding standard that are interpreted to identify one 
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or more target attributes from which a glyphlet can be identified Alternatively, a 
reference can include one or mote in-band values that are interpreted to define a glyphlet 

In another implementation, a reference can include one or more out-of-band 
values not defined in an encoding standard. The one or more out-of-band values can 
5 identify one or more target attributes, and the reference can identify a glyphlet from a 
collection of glyphlets based on the one or more target attributes. The electronic data can 
define a collection of one or more glyphlets identified by the references in the string, and 
one or more out-of-band values can be directly associated with one or more glyphlets in 
the collection. 

■ 

10 The set of character attributes can include one or more character attributes 

selected from the group consisting of character case, character category, character 
combining class, character directionality, character numeric value, mathematical 
character, character language, letter character, alphabetic character and ideographic 
character. The set of glyph attributes can include one or more glyph attributes selected 

15 from the group consisting of glyph shape, typographic weight, typographic width, slant, 
number of strokes, glyph metrics, typeface name* glyph b aseline, and glyph kerning. 

The invention can be implemented to realize one or more of the following 
advantages. Because a glyphlet (including glyph attributes and character attributes) can 
be identified based on a reference, a text engine can access glyph and character attribute 

20 information about the glyphlet without reliance on a specific encoding mapping. The text 
engine can process the glyphlet fully as any glyph included in an encoding mapping to a 
character set standard. Identifying a glyphlet based on a reference to a set of attributes 
adds a level of searchable access to glyphs beyond the traditional one-to-one encoding 
mapping. A target glyph can be stored external to a font A font can be expandable by 

25 having access to additional glyph shapes whoa used in conjunction with a collection of 
one or more glyphlets, which glyphlets are accessible by a text engine processing a 
document that includes text in the font. Hie ability to use a collection of glyphlets in 
conjunction with a font can eliminate the need to create, distribute and install a revised 
font including additional glyphs, which is cost-effective, convenient and efficient to both 

30 font manufacturers and users. 

The details of one or more embodiments of fh© invention are set forth in the 
accompanying drawings and the description below. Other features and advantages of the 
invention will be apparent from the description, the drawings, and the claims. 

* 
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DESCRIPTION OF DRAWINGS 
FIG 1 represents a text string including an in-band value reference and multiple 
encoded characters. 

FIG 2 is a flowchart showing a process for processing text that includes a 
5 reference to a glyphlet 

FIG 3 is a flowchart showing a process for identifying a glyphlet based on a 
reference to a set of attributes. 

FIG 4 is a flowchart showing a process for constructing a text document including 
a glyphlet 

10 FIG 5 is a flowchart showing a process for identifying a glyph referenced by a 

dynamic font 

like reference symbols in the various drawings indicate like elements. 
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DETAILED DESCRIPTION 

« 

A glyph that does not represent a character in a character set standard, or that docs 
not have an encoding value in a font and is therefore not associated with a character in a 
character set standard, is sometimes referred to as a gaiji (a Japanese term meaning 

* 

"foreign glyph'*). Because the character set standard docs not include a mapping fiom an 
encoding value to a set of character attributes for a gaiji, there are no character attributes 
associated with the gaiji Currently, if a user wants to insert a gaiji into a document, a 
separate graphic image of the gaiji's glyph shape can be created and inserted into a gap in 
the layout of the text as displayed by a text-processing application. The display of the 
glyph shape gives the illusion that the gaiji is part of the text, but the text's underlying 
string itself does not include the gaiji or a reference to the gaiji. Further, the gaiji cannot 
participate in text-processing activities, for example, select, find/replace, spell-check and 
the like, as glyphs representing encoded characters can, because the text-processing 
application has no information about the character attributes associated with the gaiji. If 
the gaiji is not included in a font, the text-processing application may also have no 
information about the glyph attributes associated with the gaiji. 

If character and glyph attributes are stored with a glyph, a text engine need not 
depend on any specific encoding to determine the character and glyph attributes 
associated with the glyph* Accordingly, such a glyph can participate folly as a glyph 
representing an encoded character^ even though the glyph is not mapped to a set of glyph 
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attributes by the foul, and is not mapped to a set of character attributes in a character set 
standard. 

Aglyphletis asetofglyphatfrfou^ Glyph 
attributes define appearance information for a representation of a character, and can 
5 include: gjyph shape, typographic weight, typographic width, slant, number of strokes , 
glyph metrics, typeface name, glyph baseline and glyph kerning. Character attributes 
define semantic information of a character; and can include: character case, character 
category, character combining class, character directionality, character numeric value, 
mathematical character, character language, letter character, alphabetic character and 

10 ideographic character. The glyph and character attribute lists above are not exhaustive 
and other attributes are possible. 

A glyphlet provides a direct relationship between a representation of a character 
(i.e., a glyph) and the associated character attributes and glyph attributes. The character 
and glyph attributes can b e accessed if the identity of the corresponding glyphlet is 

15 known. By contrast, a glyph included in a font is only indirectiyrelated to asetof 

character attributes associated with the glyph. The character attributes are defined by the 
character set standard, as described above. The relationship between a glyph in a font and 
a set of character attributes in a character set standard is therefore formed through the 
encoding mapping of the character set standard and the font Aside from ttiis relationship, 

20 the glyph and set of character attributes are independent of one another. If the 

relationship does not exist, for example, if a font includes a glyph that does not have a 
corresponding mapping in the character set standard used to construct the font, then a text 
engine cannot access character attribute information for the glyph. Without accessible 
character attributes, the glyph cannot participate fully as a character within a text 

25 document 

A glyphlet can be implemented as a data structure storing character attributes and 
glyph attributes, or surrogates for then, pointers or indices. In one implementation, 
a glyphlet is packaged as a <4 sfht" (Openiype) structured font, including at least two 
tables: one for the glyph shape and one for the metadata including the character and glyph 
30 attributes. Hie metadata table is an indexed list of attribute key-value entries. The 
glyphlet can be queried for an attribute by searching the metadata list for entries whose 
key matches the desired attribute. The giyphlet's metadata can also be pre-fetched and 
cached in a database, which can be queried more efficiently than inspecting each 
glyphlet's sfot structure directly. 
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A glyphlet included in a text document can be represented by a "reference" 
included in a text string: a text string can include references in addition to encoding 
values representing encoded characteraJrocessing an electronic document including 
glyphlet can be implemented using a text engine configured to recognize a reference 
which a glyphlet can be identified, and to interpret the reference to identify the glyphlet, 
as described further below. 

A reference from which a glyphlet can be identified can be an out-of-band value 
not defined in an encoding standard. For example, a reference can be an integer value 
recognizable by a text engine as referring to a glyphlet that is not included in an encoding 
mapping. The out-of-band value can be directly associated with a glyphlet embedded 
within the electronic document Alternatively, the out-of-band value can be associated 
with information indicating where a glyphlet can be found external to the text document, 
for example, an address to a server from which the glyphlet can be downloaded. 

In another alternative, the out-of-band value can be associated with one or more 
target attributes, embedded within the electronic document, that uniquely identify a 
glyphlet The target attributes can form the basis of a query used to query a collection of 
glyphlets, from which the glyphlet can be identified. The collection ofglyphlete can be 

anent, or information can be embedded in the document 
indicating an external store where me collection of glyphlets can be found. 

In any event, the reference is selected to be recognizable by an appropriately 
configured text engine as a reference from which a glyphlet can b< 
the text engine must look somewhere other than a character set standard for attribute 
information necessary to process the glyphlet For example, an integer or range of 
integers canbesetasidefbruseas references only, such that a text engine proc essing a 
string including encoding values included in an encoding standard and references, will 
recognize an integer within the range as a reference and identify a glyphlet accordingly. 

In another implementation, the reference can be one or more in-band values 
defined in an encoding standard. The in-band values can define a glyphlet, mat is, 
include the glyph attributes and character attributes. Alternatively, the in-band values can 
identify where a glyphlet can be found external to the text document, for example, an 
address to a server from which the glyphlet can be downloaded. 

M another alternative, the in-band values can define one or more target attributes 
that can be used to identify me glyphlet The target attributes defined by the in-band 
value can be used to form a query. Using the query, the glyphlet can be identified from a 
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collection of glyphlets: the glyphlet including one or more attributes satisfying the query. 
As discussed above, the collection of glyphlets can be embedded in the text document, or 
can be found in an external store identified by information embedded in the text 
document 



Ih-band values can include* for example, an XML string including one or more 
tagged elements. The tagged elements can be attribute-value pairs defining target 
attributes. FIG 1 shows a representation of a text string 100 including several encoded 
characters 105 and an in-band reference 110 from which a glyphlet can be identified Ina 
text document, the text string 100 would be formed of encoding values, for example, 
ASCII values associated with each of the encoded characters 10S and the encoded 
characters included in the in-band value reference 110. For illustrative purposes, the 
representative characters are shown in FIG 1. 



la this example, the reference 110 includes attribute information from which a 
glyphlet can be identified For example, the character category (chaicat) attribute has the 
value "Currency Symbol". As described above, the attributes defined by the reference 
110 can be used to form a quay. A collection of glyphlets can be queried and a glyphlet 
having one or more attributes satisfying the query can be identified A glyph shape 

* 

representing the character having the attributes defined in the reference 110 can be 
rendered using glyph attribute information accessible from the identified glyphlet. In this 
example, the glyph shape for the Euro symbol, € 120, can be rendered and displayed by a 
display device, such as a monitor or printer, along with glyph shapes representing the 
encoded characters 105 included in the text string 100. 

One or more glyphlets can be included in a cache included within a text 
document, and, as discussed above, a reference can be a pointer or offset to a glyphlet 
within the cache. Alternatively, a reference can be a pointer to a location in memory 
storing the glyphlet 

FIG 2 shows a process for retrieving attribute information from a glyphlet, for 
example, using a text engine processing a text document As discussed above, strings 
within the text document include both encoding values associated with encoded 
characters, and references associated with glyphlets, In the first step, a reference is 
encountered in a string and recognized as a reference from which a glyphlet can be 
identified (Step 205). The recognition occurs because, for example, the reference is an 
out-of-band value integer within a range of integers reserved for references, or because 
the reference is one or more in-band values defining target attributes of a glyphlet. If the 
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text engine requires character or glyph attribute information for the glyphlet, then the text 
engine queries the glyphlet (Step 210). Attribute information is retrieved from the 
glyphlet in response to the query (Step 215). For example, a text engine might be tasked 
to build a concordance for a teort document, which requires a count of words within the 
document In order to identify a word formed by a string, the text engine may need to 
retrieve character attribute information for a glyphlet represented by a reference included 
in the string. For example, the text engine may need to determine the pronunciation of 
the glyphlet, in order to identify the word The string including the glyphlet can then be 
processed based on the retrieved attribute information (Step 220). 

As discussed above, a reference can be used to identify one or more target 
attributes* from which a target glyphlet can be identified. FIG 3 shows a process for 
identifying a glyphlet based on a reference to a set of attributes. For illustrative purposes, 
consider a text engine processing a text document The text engine receives a reference, 
which can be included in a string among encoding values associated with encoded 
characters, and recognizes the reference as referring to a set of attributes (Step 305). As 
discussed above, the reference can b e reco gnizable as referring to a set of attributes 
because, for example, die reference is an integer within a range of integer values reserved 
for references. Alternatively, the reference can specify attributes, for example, the 
reference can be a tagged XML string (included in the text string) specifying a set of 
attributes. To identify a glyphlet associated with the reference, the text engine generates a 
query based on the set of attributes identified by the reference (310). 

A collection of one or more glypblets is then queried, to identify a glyphlet 

* 

including one or more attributes satisfying the quay (315). It is possible that two or more 
giyphlets satisfy a query, in which case user can be presented a visual representation of 
the glyphlets and prompted to make a choice. Alternatively, it is possible that no glyphlet 
satisifies a query la this case, the text engine can be configured to alert the user that no 
corresponding glyphlet is available, e.g„ by displaying an error message or, if appropriate, 
inserting a default glyph at the relevant location in the text The collection of glyphlets 
can be a cache of glyphlets included in the text document, or can be stored in memory, 
separate from the text document A glyphlet including one or more attributes satisfying 
the query is identified (Step 320). The text engine can then access information fiomthe 
glyphlet to raider the glyph glyph attributes) or otherwise process the glyphlet (/.e., 
character attributes). 
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i of a glyphlet from a character set standard or a font allows now 
characters to be introduced into a text processing application with relative ease. By way . 
of illustrative example, consider the ratroduction of a common currency in Europe, which 
required a new typographic symbol to represent the new common European currency, the 
"Euro". Most existing character set standards and fonts did not include the symbol € 
representing the Euro. Character set standards were eventually changed and new fonts, 
conforming with the revised character set standards, were developed and distributed. 

Another approach to the introduction of the new Euro symbol would have been to 
distribute a glyphlet representing the € symbol, including glyph attributes and character 
attributes. The glyphlet can be stored by an operating system, la one implementation, a 
text engine can build a menu or palette indicating characters available for use in a text 
document from a collection of one or more such glyphlets stored by the operating system. 
The text engine can query the glyphlets and generate corresponding menu items, which a 
user can use to select the indicated character. The character may be indicated by a 
graphic representation, i.e., a glyph shape rendered based on glyph attribute infoimation 
obtained from the corresponding glyphlet, or by one or more character attributes unique 
to the glyphlet, such as the character name. By selecting a menu item, a user can insert a 
reference to a glyphlet corresponding to the character indicated by the menu item into a 
text document 

In another implementation, a menu item can be associated with one or more 
character attributes, rather than associated wim a glyphlet If the menu item is selected, 
then based on the one or more associated character attributes, the text engine can generate 
a query and query a collection of one or more glyphlets, which can be stored by the 
operating system. If a match is found, that is, a glyphlet deluding one or more character 
attributes satisfying the query, then the glyphlet can be used to render a glyph shape or 
otherwise process the glyphlet 

Figure 4 shows a process for 
constructing a text document included a reference to a glyphlet In tins example, the 
word processing application has a menu of characters, which includes a representation of 
the Euro symbol, such as a graphic image of the symbol, the name of the symbol, U 
Buro, or some other attribute clearly identifying the Euro (Step 405). User input is 
received selecting the Euro, for example, by highhghting and clicking on the menu item 
representing the Buro (Step 410). 
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A glyphlet corresponding to the selected character is then identified (Step 415). 
For example, the menu item can be associated with a pointer that can be followed to a 
mc^ry location where &eglyphlrt is sto^ Alternatively, the one or more target 
attributes can be stored at the memory location, from which a quay can b c formed The 
query can be used to queiy a collection of glypMets to identify a target glyphlet having 
one or more attributes satisfying the query. 

Once a glyphlet is identified, a reference to the identified glyphlet is inserted into 
the text document (Step 420), As discussed above, the reference can be an out-of-band 

* 

value or one or more in-band values. A glyph shape rendered Sum the glyph attributes 
included in the target glyphlet can be displayed in a display of the text document, for 
example, on a monitor or by a printer. The reference pan be subsequently used by a text 
engine processing the text document to identify the target glyphlet. 

A recipient of the text document processing the textdocument using a different 
text engine and a different computer may find a reference in die text document 
meaningless, particularly if the recipient's text engine does not have access to the 
glyphlet. To avoid this situation, die glyphlet can be embedded within the text document 
and thus accessible to a recipient of the text document In another implementation, the 
reference can pro vide a text engine processing the document inforaiatian about where to 
obtain a corresponding glyphlet, for example, an address where the glyphlet can be 
retrieved from a servet 

As discussed above, if a character set staiulaid is revised, then a font constnicted 
undo- a previous version of the character set standard may be outdated and considered 
incomplete and non-conformant To bring a font into conformance with the revised 
character set standard requires revisions to the font, and distribution and installation of a 
new font to users of the existing font By using one or more glyphlets, the glyph shapes 
accessible by a font can be expanded without requiring a revised font to be distributed 
and installed by font users. 

One approach to expanding the glyph shapes accessible by a font is to provide 
font users with a collection of one or more glyphlets corresponding to changes made to 
the underlying character set standard For example, when a new character iB added to the 
character set standard, rather than distribute a revised font that includes a glyph image for 
the new character and shares an encoding value mapping to the corresponding new 
character *s attributes in the character set standard, a new glyphlet for the new character is 
distributed to font users that can be used in coqunction with the existing font The new 
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glyphlet includes glyph attributes for rendering a glyph shape representing the new 
character; with any stylistic features necessary to conform to the font typeface. The new 
glyphlet also includes character attributes corresponding to the new character. The 
character attributes mirror those included in the revised character s et standard 
corresponding to die new character, but are accessible by querying the new glyphlet, 
rather than by an encoding value mapping to the character set standard. Thus, the font in 
conjunction with the new glyphlet performs just as if a revised font including a glyph 

* 

image for the new character and a corresponding mapping to the new character in the 
character set standard were being used hi this manner, additional glyph shapes can 
easily, quickly and inexpensively be accessible without necessitating issuance of a revised 
form of the font 

Another appro ach to expanding the glyph shapes accessible by a font using a 
glyphlet is to include a mapping to one or more references in a font The one or more 
references can be used to identify one or more glyphlets. As discussed above, the 
reference can be uniquely associated with a glyphlet, or can identify one or more target 
attributes that can be used to identify a target glyphlet 

By way of illustrative example, consider the introduction of the new typographic 
symbol to represent the w Euro w , discussed above. Before the symbol € became 
representative of the Euro, it was known that a new common currency would be 
established, and that a new symbol would likely be necessary to represent the currency. 
Accordingly, there was a time period during which font manufacturers released fonts 
knowing that they would soon be rendered out-dated by the introduction of the new 
currency symboL A character set standard from which a font was constructed may have 
been revised to include an encoding value and character attributes for the Euro, althou^i 
the representation of the Euro symbol had not yet been determined. One solution would 
have been to include a mapping in the font from the Euro encoding value to a reference to 
a set of attributes, which attributes could later be used to form a query from which a Euro 
glyphlet could be identified. For example, the set of attributes could include the 
"currency symbol" attribute. Later, once the symbol had been determined, the font 
manufacturer could provide a new glyphlet, including an appropriate set of glyph 
attributes and character attributes, for example, a name attribute having the value "Euro" 
and a "currency symbol" attribute. 

FIG 5 shows a process for expanding the glyph shapes accessible by a "dynamic" 
font. Using the above illustrative example, the first step includes receiving a dynamic 
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an be used to identify a 
glyphlet having a "currency symbol" attribute (Step 505). The font does not include an 
encoding value mapped to a glyph within the font for the e symbol, because the font 
released before it was known that the € symbol would represent the Euro. 

Once it is known the € symbol represents the Euro, the font manufacturer creates a 
glyphlet representing the Euro character; including a set of glyph attributes and character 
attributes. The Euro glyphlet is provided to users of the font and installed (e.# stored in 
memory), rather than requiring installation of a new font altogether (Step 510), A user 
can then create a text document including the € symbol, for example, by choosing the 
symbol from a drop down menu on a text processing application as described above. The 
application inserts in the text document the reference to a set of one or more attributes, 
such as the "currency symbol" attribute, from which the Euro glyphlet can be identified. 

A text engine processing a text document including the € symbol encounters the 
reference and recognizes flic reference as referring to a set ofattaT>utesfit>m which a 
glyphlet can be identified. The text engine then generates a query based on the set of 
attributes (Step 515). A cache or collection ofglyphlets is queried (Step 520). The text 
engine identifies the Euro glyphlet from the collection of glyphlets as having attributes 
satisfying (Le. t matching to some degree) the query (Step 525). The text engine can then 
render the glyph shape, in this example the € symbol, or otherwise process the glyphlet as 
if a glyph had been included in the fonfs encoding and mapped to the underlying 
character set standard. 

hi one implementation, a font can be formed entirely of a mapping to references 
from which glyphlets can be identified, as described above in the context of the Euro 
symbol example. By using the font in conjunction with a collection of one or more 
glyphlets, glyphlets referenced by the font can be accessed to render glyph shapes or 
otherwise process the glyphlets based on the glyphlet's character and glyph attributes. 

The first time a text engine encounters a reference and identifies a glyphlet based 
on the reference, die text engine can store an identifier for the glyphlet associated with the 
reference. The next time the reference is encountered, text engine can identify the 
glyphlet based on the stored identifier, without having to perform another query. For 
example, if the glyphlet includes a name;, the text engine can associate the name of the 
glyphlet with the reference. The next time the reference is encountered, the text engine 
can use the glyphlet 's name to access the glyphlet without requiring a second query. 
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To summarize the above in the context of a font-rendering system, consider a font- 
rendering system tasked to render a desired giyph shape from a font If the fimt includes 
a mapping to a glyph definition, the system displays a glyph image. If the font includes a 
mapping to a reference from which a glyphlet can be identified, the system identifies the 
glyphlet based on the reference and displays a glyph imago. The reference can be 
associated with either a glyphlet or a set of attributes from which a glyphlet can be 
identified, or can include the glyphlet, as discussed above. If the reference identifies a set 
of attributes, the system can form a query based on the attributes, and search a store of 
glyphlets to find a glyphlet having attributes best matching the query. The system can 
task an external mechanism to perform the search. The external mechanism returns to the 
system a glyphlet that includes attributes satisfying the query. The system can cache the 
glyphlet in memory and display the glyph image, or otherwise process the glyphlet based 
on the glyph and/or characte attributes. 

In one implementation, a typeface can be formed entirely of glyphlets, A 
glyphlet-based typeface does not include any encoding values mapped to glyphs in a font 
and characters in a character set standard Rather, the typeface is formed from a 
collection of one or more glyphlets that can be identified by a reference included in a, text 
document, as described above. The reference can be directly associated with a glyphlet, 
or can be associated with one or more target attributes from which a glyphlet can be 
identified. Such a font can be uscfal for glyphs that are likely to change often. 

The invention can implemented in digital electronic circuitry, or in computer 
hardware, firmware, software, or in combinations of them. Apparatus of the invention 
can be implemented in a computer program product tangibly embodied in a machine- 
readable storage device for execution by a programmable processor, and method steps of 
the invention can be performed by a programmable processor executing a program of 
instructions to perform functions of the invention by operating on input data and 
generating output. The invention can be implemented advantageously in one or more 
computer programs that are executable on a programmable system including at least one 
programmable processor coupled to receive data and instructions from, and to transmit 
data and instructions to, a data storage system, at least one input device, and at least one 
output device. Each computer program can be implemented in a high-level procedural or 
object-oriented programming language, or in assembly or machine language if desired; 
and in any case, the language can be a compiled or interpreted language. Suitable • 
processors include, by way of example, both general and special purpose 
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microproccssorB. Gmerally, a processor will receive instructions and data ftom a read- 
only memory and/or a random access memory. Generally, a computer will include one or 
more mass storage devices for storing data files; such devices include magnetic disks, 
such as internal bard disks and removable disks; amagneto-optical disks; and optical 
disks. Storage devices suitable for tangibly embodying computer program instructions 
and data include all forms of non-volatile memory, including by way of example 
semiconductor memory devices, such as EPROM, HEPROM, and flash memory devices; 
magnetic disks such as internal hard disks and removable <ti«lni; magneto-optical disks; 
and CD-ROM disks. Any of the foregoing can be supplemented by, or incorporated in, 
ASICs (appHcation-specific integrated circuits). 

To provide for interaction with a user, the invention can be implemented on a 
computer system having a display device such as a monitor or LCD screen for displaying 
information to the user and a keyboard and a pointing device such as a mouse or a 
trackball by which the user can provide input to the computer system. The computer 
system can be programmed to provide a graphical user interface through which computer 
programs interact with users. 

The invention has been described in terms of particular embodiments. Other 
embodiments are within the scope of the following claims. For example, the steps of the 
invention can be performed in a different order and still achieve desirable results. 
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What is claimed is: 

* 

1- A computeMmplemented method for constructing a text document, the method 
comprising: 

receiving user input selecting a character (410); 

identifying a glyphlet corresponding to the selected character (415), the glyphlet 
including a set of character attributes defining semantic information of the selected 
character and a set of glyph attributes defining appearance information for a glyph 
representative of the selected character; and 

inserting a reference to the identified glyphlet into a text document (420). 

2. The method of claim 1, wherein: 

user input selecting a character (41 0) includes user input selecting a glyph shap e 
representing the character. 

3. The method of claim 1, wherein: 

the reference to the identified glyphlet (420) includes one or more in-band 
values (110) defined in an encoding standard. 

4. The method of claim 3, wherein: 

the one or more in-band values (110) define one or more target attributes uniquely 
identifying the identified glyphlet in a collection of glyphlets. 

5. The method of claim 3, wherein: 

the one or more in-band values (1 10) define the identified glyphlet 

6. The method of claim 1, wherein: 

the reference to the identified glyphlet (420) includes one or more out-of-band 
values not defined in an encoding standard. 

7. The method of claim 6, wherein; 

the one or more outof-band values are associated with one or more target attributes 
uniquely identifying the identified glyphlet in a collection of glyphlets. 

8. The method of claim 6, further comprising: 
embedding the identified glyphlet in the text document; 

wherein the one or more out-of-band values are directly associated with the 
identified glyphlet 

9. The method of claim 1, further comprising: 
embedding the identified glyphlet in the text document 
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10. The method of claim 1, wherein: 

the set of character attributes includes one ox more character attribute selected from 
the group consisting of character case, character category, character combining class, 
character directionality, character numeric value, mathematical character, character 
language, letter character, alphabetic character and ideographic character. 

11. The method of claim 1, wherein: 

the set of glyph attributes includes one or more gjyph attributes selected fiom the 
group consisting of glyph shape, typographic weight, typographic width, slant, number of 
strokes, glyph metrics, typeface name, glyph baseline, and glyph kerning. 

12. A glyphlet, comprising: 

a data structure stored on a computer readable medium, the data structure including 
character data representing one or more character attributes defining semantic information 
of a character and glyph data representing one or more glyph attributes defining 
appearance information for a representation of the character, 

13. The glyphlet of claim 12, wherein; 

the one or more character attributes include one or more character attributes selected 

« 

fiom the group consisting of character case, character category, character combining 
class, character directionality, character numeric value, mathematical character, character 
language, letter character, alphabetic character and ideographic character. 

14. The glyphlet of claim 12, wherein: 

the one or more glyph attributes includes one or more glyph attributes selected fiom 
the group consisting of glyph shape, typographic weight, typographic width, slant, 
number of strokes, glyph metrics, type&ce name, glyph baseline, and glyph kerning. 

15. A computer program product, tangibly stored on a machine-readable medium, 
comprising instructions operable to cause a programmable processor to: 

obtain an electronic document including a string (100) that includes one or more 
references; 

parse the string (100) to identify a reference; 

based on the identified reference, identify a glyphlet including a set of character 
attributes defining semantic information of a character and a set of glyph attributes 
defining appearance information for a representation of the character, and 

use one or more character attributes or glyph attributes for the identified glyphlet to 
process text in the electronic document 
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16. The computer program product of claim 1 5, wherein: 

the string includes a plurality of references comprising one or more in-band 
values (110) defined in an encoding standard. 

17. The computer program product of claim 16, wherein: 

5 instructions operable to parse the string to identify a reference include instructions 

operable to interpret a plurality of in-band values (110) to define the identified reference, 

1 8. The computer program product of claim 17, wherein instructions operable to: 
interpret a plurality of in-band values (1 10) to define the identified reference include 

instructions operable to identify one or more target attributes; and 
10 identify a glyphlet based on the identified reference include instructions operable to 

identify a glyphlet in a collection of glyphlets based on the identified target attributes. 

19. The computer p rogram product of claim 17, wherein: 

the plurality of in-band values (1 1 0) define the identified glyphlet 
20* The computer program product of claim 17, wherein: 

15 the plurality of in-band values identify a location external to the electronic 

* • 

document from where the identified glyphlet can be retrieved 
21. The computer program product of claim 14, wherein: 

the string includes one or more references comprising one or more out-of-band 
values not defined in an encoding standard 
20 22. The computer program product of claim 21, wherein: 

the identified reference includes one or more of the out-of-band values* 

23. The computer program product of claim 22, wherein: 

the identified glyphlet is embedded in the electronic document; and 
the one or more out-of-band values are directly associated with the identified 
25 glyphlet 

24. The computer program product of claim 22, wherein instructions operable to: 
identify a glyphlet based en the identified reference include instructions operable to 

identify one or more target attributes based on the identified reference and identify a 
glyphlet in a collection of glyphlets based on the identified target attributes, 
30 25. The computer program product of claims 18 and 24, wherein: 

the collection of glyphlets is embedded within the electronic document 
26. The computer program product of claims 18 and 24, wherein: 

the collection of glyphlets is stored external to the electronic document. 
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27. The computer program product of claim 1 5, 
the set of character attributes includes one or more character attributes selected from 

the group consisting of character case, character category, character combining class, 
character directionality, character numeric value, mamematical character, character 
language, letter character, alphabetic character and ideographic character. 

28. The computer program product of claim 15, -wherein: 

the set of glyph attributes includes one or more glyph attributes selected from the 
group consisting of glyph shape, typographic weight, typographic width, slant, number of 
strokes, glyph metrics, typeface name, glyph baseline and glyph kerning. 

29. The computer program product of claim 1 5, further ct 
operable to: 



Mllltl 



prising instructions 



retrieve the identified glyphlet from a memory external to the electronic docu 

30. The computer program product of claim 29, wherein: 

the identified glyphlet is retrieved from a collection of glyphlets. 

31. The computer program product of claim 1 5, further comprising instructions 
operable to: 



IUWI 



retrieve the identified glyphlet ftom storage embedded within the electronic 
document 



32. The computer program product of claim 31, 

the identified glyphlet is retrieved ftom a collection of glyphlets. 
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